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An Eajte Demonflration of the Analogy of the 
Logarithmic\ Tangents to the Meridian Line or 
fum of the Secants: with various Methods 
for computing the fame to the utmojl ExaSt 
nefs , by E. Halley. 

I T is now near ioo Years fmceour Worthy Countryman 
Mr .Edward Wright publifhed his CorreUion vf Errors m 
Navigation, a Book well deferving the perulal of all fech as 
defign to ule the Sea. Therein he cohfiders the Courfe of a 
Ship on the Globe, Bearing obliquely to the Meridian ; and 
having (hewn, that the Departure from the Meridian, is in all 
cafes tels than the Difference of Longitude, in the ratio of Ra¬ 
dius to the fecant oi the Latitude, he concludes, That thefima 
of the Secants of each point in the Quadrant being added fee* 
ceffively, would exhibit a Line divided into Spaces, fuch as 
the intervals of the parallels of Latitude ought to be in a true 
Sea Chart, whereon the Meridians are made parallel Lines, 
and the Rhombs or Oblique Courfes reprelented by right 
Lines. This is commonly known by the name of the Meri¬ 
dian Line, which though it generally be called Mercators, was 
yet undoubtedly Mr. Wrights Invention, ( as he has made it 
appear in his Preface. ) And the Table thereof is to be 
met with in moft Books treating of Navigation, computed 
with fufficient exa&nels for the purpofe. 

It wasfirft difeovered by chance, and as far as I can learn, 
firft publifht by Mr. Henry Bond , as an addition to Norwoods 
Epitome of Navigation, about yo Years fince, that the Meri¬ 
dian Line Was Analogous to a Seale of Logarithmick Tangents of 
half the Complements.of the Latitudes. The difficulty to prove 
the truth of this Proportion, leemed fech to Mr. Mercator, 
the Author of Logarithmotechnia, that he propofed to wager 
a good fum of Money, againft whofo would fairly under¬ 
take it, that helhould not demonftrate either, that it was 
true or falle : And about that time Mr. John Collins, holding 
a Correipondence with all the Eminent Mathematicians of 
the Age, did excite them to this Enquiry. 
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The firft that demonftrated the (aid Analogy , was the ex¬ 
cellent Mr. James Gregory in his Exercitationes Geometrica^ 
publilhed Anno 1668. which he did, not without a long train 
of Conlequences and Complication of Proportions, where¬ 
by the evidence of the Demonstration is in a great meafixre 
loft, and the Reader wearied before he attain k. Nor with 
left work and apparatus hath the celebrated Dr, Barrow in his 
Geometrical LeBures ( Ledfc. XI. App. I. ) proved, that the 
Sum of all the Secants of any arch is analogous to the Loga¬ 
rithm of the ratio of Radius -j- Sine to Rad. -—• Sine, vc which 
is all one, that the Meridional parts anfwering to any degree 
of Latitude, areas the Logarithms of the rat tones of" the Ve--- 
fed Sines of the diftances from both the Boles. Since which 
the incomparable Dr. Wallis (on occafion of a paralogifm 
committed by one Mr. Norris in this matter ) has more ful¬ 
ly and clearly handled this Argument, as may be feen in 
Num. 176. of thefe TranfaBions. But neither Dr. Wallis 
nor Dr. Barrow in their laid Tread/eshave any where touch¬ 
ed upon the aforefaid relation of the Meridian-line to the 
Logarithmick Tangent ; nor hath any one, that I know of, yet 
discovered the Rule for computing independently the inter¬ 
val of the Meridional parts, anfwering to any two given La¬ 
titudes. 

Wherefore having attained, as I conceive, a very facile 
and natural demonftration of the faid Analogy, and having 
found out the Rule for exhibiting the difference of Meridional 
parts , between any two parallels of Latitude, without finding 
both the Numbers whereof they are the difference : I hope 
I may be entituled to a fhare in the emprovements of this ulc- 
ful part of Geometry. Defiring no other favour of fome 
Mathematical Pretenders, than that they think fit to be lb 
juft, as neither to attribute my defire to pleafe the Honou¬ 
rable the Royal Society in thefe Exercifes,to any kind of Vanity 
or Love of Applaufe in me, ( who too well know how very 
few thefe, things oblige, and how (mail reward they procure) 
nor yet to complain dram non j.udice, that I arrogate to my 
fdf the Inventions of others, and, upon that pretext to de¬ 
predate what I dp, unleft at che fame time, they can p o- 
duce the Author I wrong, to prove their afferdons. Such 
difingenuity as I have always moft carefully avoided, lo { 
wUhl had not too much experience of it in the very fame 

perfons 
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perfons, who make it their bufinels to detrar from that little 
/hare of Reputation I have in thefe things. But to return 
to the matter in hand. Let us demonftrate the following 
Proportion. 

The Meridian Line it a Seale of Legarithmick Tangents of the 
half Complements of the Latitudes. 

For this Demonftration, it isrequifite to premife thefe four 
Lemmata. 


Lemma. I. In the StereographickProje&ion of the Sphere upon 
the plain of the Equinoctial, the diftances from the Center, 
which in this cafe is the Pole, are laid down by the Tan¬ 
gents of half thofe diftances, that is, of half the Comple¬ 
ments of the Latitudes. This is evident from Eucl. 5.20. 


Lem^fil. In thp Stereographick Projection, the Angles, under 
which the Circles interled each other, are in all cafes equal 
to the Spherical Angles they reprefent: Which is perhaps as 
valuable a property of this Projection, as that of all the Circles 
of the Sphere thereon appearing Circles: But this not being 
vulgarly known, muft not be aifumed without a Demonfir *- 
tion. 


Let EBPL be any great cirdeof the Sphere, E the Eye 

placed in its Circumference, 
C its Center, P any point there¬ 
of, and let F G O be fuppofed 
a plain erected at right Angles 
to the Circle EBP L,on which 
F CO we de/ign the Sphere to. 
be projected. Draw £ Perot 
ling the Plain FC O in p, and 
f /hall be the point P projected. 
a To the point P draw the Tan- 
0 gent AP G, and on any point 
thereof as A, ere& a perpen¬ 
dicular AD, at right angles 
to the plain EBPL , and draw 
the lines PD, AC, DC * and the 
angle APD /hall be equal to 
the Spherical Angle contained 
between the plain; APC, D?C. Draw alio AE, DE, inter¬ 
fering 
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fe&ing the plain ECO in the points a and d ; and joyn a d, 
pd: I fay the friangle a dp is fimular to the triangle A DP, 
and the angle ap d equal to the angle APD. Draw PL, AK 
parallel to FO, and by reafon of the parallels, a p will be to 
a d as AK to AD : But ( by Fuel. 3. 32.) in the triangle 
AKP, the angle AKP=LPE is alfo equal to APK=EPG 
wherefore the fides AK, AP are equal, and 'twill be, as 
ap to ad foAPtoAD. Whence the angles DAP, dap 
being right, the angle APD will be equal to the angle a pi 
that is,the Spherical Angle is equal to that on the Proje&ion, 
and that in all Cafes. Which was to be proved. 

This Lemma I lately received from Mr. Ah. de Moivre , 
though I fince underftand from Dr. Hook that he long ago 
produced the fame thing before the Society. However th# 
demonfl ration and the reft of the difccurfe is my own. 

Lemma III. On the Globe, the Rhumb Lines make equal 
angles with every Meridian, and by the aforegoing Lemma , 
they muft likewife make equal angles with the Meridians in 
the Stereograpbick Projection on the plain of the Equator : They 
are therefore, in that Proje&ion, Proportional Spirals about 
the Pole Point. 

Lemma IV. fn the Proportional Spiral it is a known proper¬ 
ty that the angles BPC or the 
arches BD, are Exponents of the 
rationes of BP to PC : for if the 
arch BD be divided into innu¬ 
merable equal parts, right 
lines drawn from them to the 
Center P, {hall divide the 
Curve BccC into an infinity of 
proportionals; and all the lines 
Pc fhall be an infinity of pro¬ 
portionals between PB and PC B 
whofe number is equal to all the points d,d, in the arch 
BD: Whence, and by what I have delivered in Num.216, 
k follows, that as BD to Bd, or as the angle, BPC to the 
angle BPc, fo is the Logarithm of the ratio of PB to PC, to 
the Logarithm of the ratio of PB to Pc. 
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From thfife Lemmata our Proportion is very clearly de- 
monftrated: For by the firft, PB, Pc, PC are the Tangents 
of half the Complements of the Latitudes in the Stereograpbick 
FrcjeBicn: And by thelaftof them, the differences oi Lon¬ 
gitude, or angles at the Pole between them, are Logarithms 
of the rationes of thofe Tangents one to the other. But the 
Nautical Meridian Line is no other than a Table of the Lon¬ 
gitudes, anfwering to each minute of Latitude,on the Rhumb- 
line making an angle of 4? degrees with the Meridian. 
Wherefore the Meridian Line is no other than a Scale of 
Logarithmick Tangents of the half Complements of the La¬ 
titudes. Quod erat demonftrandum. 

Coroll. I. Becaule that in every point of any Rhumb Line , 
the difference of Latitude is to the Departure , as the Radius 
to the Tangent of the angle that Rhumb makes with the Me¬ 
ridian j and thole equal Departures are every where to the 
differences of Longitude, as the Radius to the Secant of the 
Latitude $ it follows that the differences of Longitude are, 
on any Rhumb, Logarithms of the fame Tangents, but of a 
differing Speetes^ being proportioned to one another as are 
the Tangents of the angles made with the Meridian. 

Coroll. 2. Hence any Scale of Logarithm Tangents. ( as. 
thofe of the Vulgar Tables made after Briggs form; or thofe 
made t© Napiers, or any other form whatsoever ) is, a Table 
of the differences of Longitude, to the feveral Latitudes, up¬ 
on feme determinate Rhumb or other: And therefore, as 
the Tangent of the angle of fech Rhumb, to the Tangent of 
any other Rhumb: So the difference of the Logarithms of 
any two Tangents, to the difference of Longitude, on the 
propofed Rhumb , intercepted between the two Latitudes, of 
whofe half Complements you. took the Logarithm Tan¬ 
gents. 

And flnee we have a very compleat Table of Logarithm 
Tangents oi Br/gg’s form, publifhed by Vlaeq, Anno *653, in 
his Canon Magnus Triangtdorum Legarithmcus , computed to ten 
Decimal places of the Logarithm, and to every ten Seconds 
of the Quadrant, ( which feems to be more than fcfficient 
for the nfeeft escalator) I thought fit to enquire the Ob¬ 
lique angle, with which that Rhumb Line erodes the Meri- 
dian, whereon the laid Cation of Vlaca preeifejy anfwers to 
the differences of Longitude, putting unity for one minute 

thereof. 
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thereof, as in the Common Meridian Line. Now the mo¬ 
mentary augment or fluxion of the Tangent Line at 45 de¬ 
grees, is exadly double to the fluxion of the arch of the Cir¬ 
cle, ( as may eafily be proved ) and the Tangent of 45, be¬ 
ing equal to Radius , the fluxion alfo of the Logarithm Tan¬ 
gent will be double to that of the arch, if the Logarithm be 
of Napeirs form : But for Brigg’s form it will be as the fame 
doubled arch multiplied into, o, 43429, &c. or divided by 
2,30258, &c. Yet this muft be underwood only of the ad¬ 
dition of an indivifible arch, for it ceafes to be true if the 
arch have any determinate magnitude. 

Hence it appears, that if one minute be fuppofed 
Unity, the length of the arch of one minute being 
,ooo29Q8882o866j72iy96i5'4 8cc. in parts of the Radius, 
the proportion will be as Unity to 2,908882 &c. fo Radi¬ 
us to the Tangent of 71 0 1' 42" whofe Logarithm is 

10. 463726ii7207i8325'204 Sec. and under that angle is 
the Meridian interfered by that Rumb Line, on which the 
differences of Napeirs Logarithm Tangents of the half Comple¬ 
ments of the Latitudes are the ttue differences of Longitude, 
eftimated in minutes and parts, taking the firft Four Figures 
for Integers. But for Vlaccf s Tables we muft fay. 

As .2 502^8y Sec. to 2908882 Sec. So Radius to 
1,26331143874244^69212, 8cc. which is the Tangent of 
51* 38' 9", and itsLogarithm 10,101^10428^07720941162 
Sec. wherefore in the Rhumb Line, which makes an angle 
of 51° 58' 9" with the Meridian, Flacfs Logarithm Tan¬ 

gents are the true differences of Longitude. And this com¬ 
pared with our fecond Corollary may fuffice for the ufe of 
the Tables already computed. 

But if a Table of Logarithm Tangents be made by ex- 
tradion of the root of the Infiniteth power, whole Index is 
the length of the arch you put.for Unity, ( as for minutes 
the ,0002908882th 6cc. power) which we will call <* ;luch 
a Scale of Tangents, fhaii be the ti ue Meridian Line or 
film of all the Secants taken infinitely many. Here the 
Reader is defired to have recourfe to my little Treatife of 
Logarithms , publifhed in N° 216, p. 58. that I may not need 
to repeat it. By what is there delivered, it willfollow, that 
putting t for the excefs or defed of any Tangent above or 
under the Radius or Tangent of 4?; the Logarithm of the 

I i 2 ratio 
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ratio of Radius to luch Tangent will be 

* into t I it -1- \tH — \tttt + \ tl y See. 

when the. arch is greater than 45®', or 

| idto r 4" l«-4- P } + ? (4 4- T (f > &- c - 

When it is lets than 45:®'. And by the lame do&rine put 
ting T for the Tangent of anv arch, and t for the difference 
thereof from the Tangent of another arch, the Logarithm, 
of their ratio will be 


1 . „ 

— into. _ 
m T 


... .+£r+rr + za+M 

when T is the greater Term, or 


occ* 


vt 


into 


t tt 

TXr^ %v 

7 is the letter Term ; 


r*- 


I - 


&c 


' Sl'< 

And if m be liippofed ,000290888a, 8tc v ~ a, its reci¬ 


procal- will be, 3-437*7467707849$ 92 &c. which mul¬ 

tiplied into the aforelaid Senes, ffiall give precifely -the.differ 
xence of Meridional parts,, between the two, Latitudes to 
whofe half complements the ajlumed Tangents belong. 
Nor is it material from whether Pole you eftimate the Com¬ 
plements, whether the elevated or depreffed $ the Tangents 
being to one another in . the fame ratio, as. their Comple¬ 
ments, but inverted. 

In the lame Dilcourle I alio fhewed that the Series might 
be made to converge twice as fw.ift,all the even Powers being 
omitted: and that putting r for the fum of the two Tan¬ 
gents the lameXogarithm. would be. 



but the ratio of t. to t, or of the fum of two Tangents to-, 
their difference, is the lame as that of the fine of the fum, 
of the. arches, to the five of their difference. Wherefore if 
S; be put for the. fine Complement of the Middle Latitude, 
and s for the fine of half the difference of Latitudes, the 
fame Series will be 
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* r 


into 


* JL -L*. 
S ^ ;5 5 


yS‘“^ 7S 7 "^ 9S»‘, &<r ‘ 


wherein as the differences-of Latitude are fmaller, fewer fleps 
will luffice. And if the Equator be put for the Middle La¬ 
titude, and confequently S—R, and t to the fine of the Lati- 
uide,the Meridional parts reckoned from the Equator wifi be 


J. + JL 
a 1 yra 1 


5r 4 # ' 7r*a, 


&C.. 


which is:coincident with Dr. Wallis's folution in Numb. 176- 
And this lame Series, being half the Logarithnvof the ratio 
of R -j- J to!? '— /, that is, of the Verfid-fines of the diftances 
from, both Poles, does agree with* what Dr. Barrow had 
fhewn in his XI. Leifure. 

The fame ratio of r. to t may. be exprefled alio by that 
of the Sum of the Co fines of . the two Latitudes, to the fine of 
their difference : As likewife by that of the Sine of the Sum of the 
two Latitudes, to the difference of their Co fines : Or by that of 
the Verfid-fine of the Sum of the Co-latitudes, to the difference of 
the fines of, the Latitudes', Or as the fame difference of the fines 
of the Latiiudes,tothe Verfid-fine of the difference of the Latitudes j 
all which are in the fame ratio of the Go-fine of the Middla 
Latitude, to the Sine of half the difference of the Latitudes. 
As it were, eafie to demonftr&te, i£ the Reader were not 
fuppofed capable to do it himfelf, upon a bare infpedtion of a 
Sheme duly reprefenting, thele Lines. 

This, variety of Expceflion of the fame, ratio I thought 
not fit to be omitted, becaufe by help of the rationality of 
the Sine of jo 8 *, in all cafes where the Sum or difference of 
the. Latitudes is 3a 8 ', 6 o v , 90*', iao 81 or 150 degrees, forno 
one of them, will exhibit a fimple firies, wherein-great part 
of* the Labour will be fared: And befides I am willing to 
give the Reader his choice which of thefe equipollent me-, 
thods to make ufe. of $ but for his exercife fhall leave the pro- 
fecution of them* ahd the compendia, axifitog therefroni, to- 
his own induftry. Contenting my .felf to confider only tbei 
former, which for all ufes leerns the mod convenient, whe¬ 
ther we defign to make the whole Meridian Line,, or aoy\ 
part thereof, viz. 
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Wherein a is the length of any Arch which you defign (hall 
be the Integer or Unity in your Meridional Parts; ( whether 
it be a Minute, League or Degree, or any other,) S the Co- 
line of the Middle Latitude, and / the Sine of half the diffe¬ 
rence of Latitudes; But the Secants being the Reciprocals 

of the Co-lines, — will be equal to inputting / for the Se- 
S ?T 

rant of she Middle Latitude; and — into—L will be =z 2 H 

a S at 


~r 




This multiplied by -LL that is by will give the fe- 
%SS $rrrr 

cond ftep: and that again by ill, the third ftep: and fo 

frrrr 

forward till you have compleated as many Places as you 
defire. But the fquares of the Sines being in the fame ratio 
with the Verfedfines of the double Arches, we may inftead 

of — aflume for our Multiplicator —or the Verfed- 
3SS 3 v 

line of the difference of the Latitudes divided by thrice 
the Verfed-fine of the fum of the Co-latitudes, &c. which 
is the utmoft Compendium I can think of for this purpofe, and 
the fame feries will become. 


a sr 

a s 


into 




+rH 
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Hereby we are enabled to eftimate the default of the me¬ 
thod of making the Meridian line by the continual additi¬ 
on of the Secants of aequidifferent Arehs, which as the dif¬ 
ferences of thole Arches are fmaller, does ftill nearer and 
nearer approach the Truth. If we aflume, as Mr. Wright 
did, the Arch of one Minute to be Unity, and one Minute 
to be the common difference of a rank of Arches: It will 
be in all cafes, As the Arch of one Minute, to its Chord:; 
So the Secant of the Middle Latitude, to the ffrft ftep of our 
feries. This by realon of the near equality between a and 
2 /, which are to one’ another in the ratio of Unity to 
i —0,00000000352566457713, &c, will not differ from the 

Secant 
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Secant / bat in the ninth Figure; being leg than it in that 
proportion. The next ftep being -J- will be equal to 


the Cube 


into 


.— = 0,0000000070513 2908715$ which therefore unlefs 

tire Secant exceed ten times Radios, can never amount to t 
in the fifth place. Thefe tv^o fteps fuffice to make the Me¬ 
ridian Line or Logarithm Tangent to far more places than 
any Tables of Natural Secants yet extant, are computed to; 
but if the third ftep be required it will be found to be 

2 S s 

-f- f* into-—i ss 0,000000000000000089498; By alt 

which it appears that Mr. Wright's Table does no where ex¬ 
ceed the true Meridian Parts by fully half a Minute; 
which finajl difference ariles by his having added continu¬ 
ally the Secants of &c. infteadof o£',i£,2'£, 3'f, See. 

But as it is, it is abundantly fufficientfor Nautical Ufes. That 
in Sr. Jonas Moor's New Syfieme of the Mathematicks h much 
nearer the Truth, but the difference from Wright is fcarce 
fenfible, till you exceed thofe Latitudes where Navigation 
ceaifes to be practicable, the one exceeding the Truth by 
about half a Minute, the other being a very final! matter 
deficient therefrom* 

For an example eafie to be imitated by whofo pleafes, I 
have added the true Meridional Parts to. the firft and laft 
Minutes of the Quadrant; not fo much that there is any 
occafion for fuch accuracy, as to fhew that I have obtained, 
and laid down herein, the full DoStrine of thefe fpral Rhumbs 
which are of fo great concern in the Art of Navigation. 


The firftMinufe is, 1.00000001410265 862178 
Thtf Second, 2,00000005 641065 806707 

TheLaft,or 89‘Vj9’ is 30 574,9654; 11414308645 

and not 52348,5279 as Mr. Wright has it, by the addition of 
the Secants of every whole Minute: Nor 30249,8 as Mr. 
Oughtred's Rule makes it, by adding the Secants of every 
other half Minute. Nor 30364,3 as Sir Jonas Moor had con* 
eluded it by I know hot what method, tho’ in the reft of his 
Table he follow Oughtred. And 
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And this may Suffice to fee w how to derive the' true Me¬ 
ridian Line from the Sines, Tangents or Secants fuppofed 
ready made; but we are not deftitute of a Method for de¬ 
ducing the fame independently,, from the Arch it fe!£ If 
the Latitude from the Equator be eftimated by the length of 
its Arch ^ Radius being Unity, and the Arch putibr an 
Integer be a, as before; the Meridional Parts anfwering to 
that Latitude wilt be 

*into^-f $A l +$A'+ *§ A'or rWH-fjw A*or- ( \\\^A\&c. 

which converges much fwifter than any of the former Series, 
and befideshas the advantage of^encrealing in Arithmetical 
progreffioh, which would be of great eafe, if any ihould un¬ 
dertake de novo to make the Logarithm Tangents , or the Me¬ 
ridian Line to many more places than now we have them. 
The Logarithm Tangent to the Arch of 4f -f -% A being no 
other than the aforelaid Series A-j-j A* -fr? A*, See. in 
Napeirs form, or the fame multipliedinto 0,45429, &c. for 
Briggs's. 

But becaufeall thefe Series towards the latter end of the 
Quadrant do converge exceeding {lowly, lb as to render 
this Method almoft ufelels, or at leaft very tedious. It 
will be convenient to apply iome other Arts, by affuming 
the Secants of fome intermediate Latitudes; and you may for 
s or the Sine of « the Arch of half the difference of Lati¬ 
tudes, fubftitute a — j ** +tss — tvV ?«T8T* * 9 , Sc c. 

according to Mr. Newton's Rule for giving the Sine from the 
Arch j And if a. be no more than a degree, a very few 
fteps will luffice for all the accuracy that can be defired. 

And if a, be commeofurable to a, that is, if it be a certain 
number of thole Arches which you make your Integer , 

then will be that number : which if we call n. the parts 

of the Meridional Line will be found to be. 
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-j +/'**,&c. 

?r 4 fr* 7 f ‘ * 

— _** —-J» 4 &c. 

6 rr Sr* <5 r** 

+JL£?j_ > 

120 r 4 360 r * 


& 5 . 


1 « * , &c. 
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In thisthefirft two Heps are generally fuiflieient for Nau¬ 
tical ufes, efpecially when neither of the Latitudes exceed 
60 degrees, and the difference of Latitudes doth not pafs 
30 degrees. 

But I am fenfible I have already faid too much for the 
Learned, tho’ too little for the Learner j to fuch I can re¬ 
commend no better Treatife, than that of Dr. Wallis in 
Numb. 176. wherein he'has with his ufiial brevity, and that 
perfpecuity peculiar to himfelf, handled this Subjeft from 
the firft Principles, which here for the moft part we fup- 
pofe known. 

I need not fhewhow, by regreffive work, to find the La¬ 
titudes from the Meridional Parts, the Method being fuffi- 
ciently obvious. I fhall only conclude with the propofal of 
a Problem which remains to make this Do&rine compleat, 
and that is this. 

A fliip fails from a given Latitude, and having run a cer¬ 
tain number of Leagues, has altered her Longitude by a gi¬ 
ven angle. It is required to find the Courfe foe fteared. 
The Solution hereof would be very acceptable, if not to the 
publick, at leaft to the Author of thisTra#, being likely to 
open fome further Light into the Myfteries of Geometry. 

To Conclude, 1 foall only add, that Unity being Radius, 
the Cofine of the Arch A, according to the fame Rules of 
Mr. Newton, will be 

1 — kA' + J-A* — fajif + — &<?• 

from which and the former Series exhibiting the Sine by the 
Arch, by divifion it is eafie to conclude, that the Natural 
Tangent to the Arch A is 

K k 


A 
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^ 4 t 4 *t A s ' A: 4 ; A*$cc. 

and the Natural Sttant to the lames Arch 

1 4 * t ^‘4 4 4 - v 4 > 4 - >121 <•* £c. 

and from the Arithmetick of Infinites, the Number of thefe 
Secants being the Arch A, it IbHows, that thf fum Total 
of all the Infinite Recants on that A,rch is 

A 4 - i # 4 ” n A * 4 41 = A 1 4 “ nih A 9 &c. 

the which, by what foregoes, is the Logarithm Tangent , of 
Nape in formjforthe Arch of 45 ?t 4 t A, as before. 

find Collecting the Infinite Sum of all the Natural Tan¬ 
gents on the faid Arch A, there wilUarife 

V AA + il A* 4- & 4 * 4 - t fa A 1 -f ,if y5 A'* fc.c. 
twhich vyifi be found to be the Logarithm of the Secant of 
he fame Arch A. 
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L Catoptrics Dioptric# EhmentAvAn&ore Bar 
vide Gregorio , EX M. Ajhronomi# Pi oftfibre 
Samliano Oxoni#^ & Soc. Reg*. Socio , 8 °. 
d Trbeatro Oxon. 169$. 

I N this Treatile the Learned Author demonftraies the 
Principal Laws of Reflexion and Refraction, with¬ 
out reftcaining himfelf to any Se£t of Philofophers; as 
alfo the properties of plain and fpherical Surfacesin, re- 
fleding and refra&ingof Rays, and by the way ihews 
how.it comes that fpherical Surfaces produce the fame 
effe&s with thofe of certain Spheroids and Conoids, viz . 
becaufe they have the fame degree of Curvature. In 
the Catoptricks he determines the place of the Image, 
when the Object and the Eye are not. in the fame 
axis of the reflefting Sphere : an inconvenience that 
Dioptrical Machines are not fubje<9: to. 

Then he proceeds to determine the fituation and big- 
nefs of the Images of fenfibly big Obje&s, with the 

quan- 


